We compare the results of the SuSAv2 model including meson-exchange currents (MEC) with the recent measurement of the quasielastic-like double differential antineutrino cross section on hydrocarbon (CH) performed by the MINERvA Collaboration [1] . The relativistic nature of the model makes it suitable to describe these data, which correspond to a mean beam energy of 3.5 GeV. The model predictions agree well with the data without need of tuning any parameter. The role of longitudinal MEC is non-negligible and improves the agreement with the data.
Neutrino oscillation physics has become a very active field in Physics in the last years. The knowledge and understanding of neutrino interactions with nucleons and nuclei is a basic requirement in order to provide neutrino properties, i.e., oscillation parameters, masses and the CP violation phase, with high accuracy. The intense experimental activity witnessed in recent years, and planned in the near future, with several long baseline neutrino experiments making use of complex nuclear targets, aims to measure basic neutrino properties with unprecedented precision. However, this can only be accomplished by having an excellent control of the medium effects in neutrino-nucleus scattering, which represent one of the most important sources of systematic uncertainty in the experimental analyses [2] .
Most of the recent (MiniBooNE, T2K, MINERvA, NOvA) and future (DUNE, HyperK) neutrino experiments cover a wide neutrino energy range; the neutrino fluxes can extend from hundreds of MeV to several GeV. This can imply very different values of the energy and momentum transfers, hence requiring in some of the cases a realistic description of different reaction mechanisms: quasielastic, two-particle-two-hole (2p2h) meson exchange currents, nucleon resonances, pion production, inelastic processes, etc. Furthermore, the large energy and momentum values involved in most of the experiments make it necessary to incorporate relativity as an essential ingredient in the process; not only to describe properly the weak reaction mechanism, but also the nuclear dynamics [2] [3] [4] .
The SuSAv2 model [5] is an improved version of the Super-Scaling Approach introduced in [6] , which exploits the scaling and superscaling [7] properties of inclusive electron scattering data in order to predict neutrinonucleus observables. The model is fully relativistic and takes into account the behaviour of the nuclear responses predicted by the Relativistic Mean Field (RMF): in particular, the natural enhancement of the transverse electromagnetic response, a genuine dynamical relativistic effect, is incorporated in the model. Moreover, at high momentum transfer, where the RMF fails due to the strong energy-independent relativistic potentials, the SuSAv2 model incorporates a smooth transition to the relativistic plane wave impulse approximation (RPWIA), more appropriate to describe the high q domain. The parameters associated to the RMF/RPWIA mixing are fixed once and for all by fitting the high quality (e, e ′ ) data on different nuclei [8] . The model also includes ingredients beyond the impulse approximation, namely 2p2h excitations. These contributions, corresponding to the coupling of the probe to a pair of interacting nucleons and associated to two-body meson exchange currents (MEC) [9] [10] [11] , are known to play a very significant role in the "dip" region between the quasielastic (QE) and ∆ peaks. In the SuSAv2 approach they are treated within the Relativistic Fermi Gas (RFG) model, which allows for an exact and fully relativistic calculation, as required for the extended kinematics involved in neutrino reactions.
The SuSAv2 calculation of the inclusive (e, e ′ ) cross section on 12 C, presented in [8] , provides a remarkably good description of the data for very different kinematical situations. In order to perform such comparison the SuSAv2 model has been extended from the quasielastic domain to the inelastic region by employing phenomenological fits to the single-nucleon inelastic electromagnetic structure functions. Comparisons of the SuSAv2 model predictions to charged-current neutrino scattering observables have been shown in [12] . In particular, a good agreement has been achieved with the double differential neutrino and antineutrino charged-current quasielastic (CCQE) cross sections measured by the MiniBooNE [13] and T2K [14] experiments, which correspond to similar mean (anti)neutrino energies < E >∼ 0.7-0.8 GeV. The MINERvA experiment covers instead a higher energy range (1.5 − 15 GeV), which is of great interest for the future DUNE facility [15] . In this energy region relativistic models are needed to describe the nuclear dynamics, while non-relativistic calculations are bound to fail. In this letter we compare the SuSAv2 results with the recent MINERvA measurement of double differential antineutrino cross section on a hydrocarbon target [1] .
In Fig. 1 we show the double differential cross section of muonic antineutrino on hydrocarbon as a function of the transverse (with respect to the antineutrino beam) momentum of the outgoing muon, in bins of the muon longitudinal momentum.
For the data we use the same nomenclature employed in the experimental paper [1] . The "QE-like" experimental points include, besides pure quasielastic contributions, events that have post-FSI final states without mesons, prompt photons above nuclear de-excitation energies, heavy baryons, or protons above the proton tracking kinetic energy threshold of 120, thus including zero-meson final states arising from resonant pion production followed by pion absorption in the nucleus and from interactions on multinucleon states. This is similar to the so-called CC0π definitions used by other experiments [13, 14] . On the contrary, the "CCQE" signal (also defined in other experiments as "CCQE-like") corresponds to events initially generated in GENIE as quasi-elastic (that is, no resonant or deep inelastic scatters, but including scatters from nucleons in correlated pairs with zero-meson final states), regardless of the finalstate particles produced, thus including CCQE and 2p2h events. The difference between the two data sets, mainly due to pion production plus re-absorption, varies between ∼ 15% and ∼ 5% depending on the kinematics. According to MINERνA's acceptance, the muon scattering angle is limited to θ µ < 20
• as well as the muon kinematics (1.5 GeV < p || < 15 GeV, p T < 1.5 GeV) in both experimental and theoretical results, leading to a significant phase-space restriction for large energy and momentum transfer to the nuclear target.
The theoretical curves correspond to the above described SuSAv2 model and include 2p2h excitations induced by meson exchange currents. The antineutrino hydrogen contribution in the cross sections only enters through the 1p1h channel and has been evaluated by computing the elastic antineutrino-proton cross section. The present calculation does not include processes corresponding to pion emission followed by re-absorption inside the nucleus. Therefore the curves are meant to be compared with the "CCQE" data rather than with the "QE-like" ones. However, we also display the QElike cross sections, to illustrate MINERvA's estimation of the magnitude of the QE-like resonance component among other minor effects.
Notice that the agreement with the data is good in all cases, and only a few data points are slightly underestimated by our calculation. Likewise, these "CCQE" data strongly rely on GENIE simulations, suffering from some Monte Carlo (MC) bias and being more model-dependent than the "QE-like" ones. For this reason, we also include in Figure 2 a comparative analysis between the bin-averaged "CCQE" GENIE and SuSAv2-MEC predictions, where the SuSAv2-MEC results seem to be larger than the GENIE ones at the extreme p T On the other hand, the GENIE models [16] [17] [18] compared to the data in the experimenters' paper [1] are systematically augmented to overcome shortcomings of the relativistic Fermi gas quasi-elastic model and to provide a 2p2h-MEC component. The latter was empirically enhanced to describe the dip region of MINERvA's neutrino data in [19] , before being applied to the antineutrino model. Such an empirical tune to the 2p2h component simultaneously accounts for dip-region shortcomings in the QE, 2p2h-MEC, and resonance models of GENIE. The SUSAv2, based on RMF predictions, naturally puts additional QE cross section strength in the dip region. Also the 2p2h-MEC component in our model has more strength in the dip region than the one [16, 17, 20] used by MINERvA.
In Fig. 1 the separate pure QE and 2p2h-MEC contributions are also shown: the MEC are sizeable at all kinematics and they are essential in order to reproduce the data. Note that here, following refs. [21, 22] , we consider only the real part of the ∆ propagator, thus excluding contributions from on-shell ∆'s; hence, no pion production is considered in the analysis of CC0π data.
A closer investigation of the MEC contribution is presented in Fig. 3 , where we illustrate the role of the longitudinal MEC 1 for three kinematics, including those corresponding to the lowest and highest bins of p L . The result including the full -longitudinal and transverse -MEC contribution (solid lines) is compared to the one obtained using the pure transverse currents (dashed lines). It appears that the longitudinal two-body currents, sometimes neglected in phenomenological 2p2h models [23] [24] [25] , give a non-negligible contribution to the total cross section, which improves the agreement with data. Note that this is not true in the case of electron scattering, where the longitudinal, purely vector, MEC are indeed negligible. In the case of weak processes, however, they are substantial in the axial channel, and they are particularly important for antineutrino reactions due to the destructive interference between the vector and axial currents. A more detailed discussion of this point can be found in [26] . All results shown in this work correspond to the use of the commonly employed dipole axial nucleon form factor with the axial mass fixed to its standard value, M A = 1.032 GeV. The sensitivity of the SuSAv2 model with the description of the nucleon form factors and different choices of the parameters in the scaling function has been analyzed in detail in [8, 12, 27] , showing very tiny effects. Dependence of the SuSAv2 model including MEC-2p2h (denoted as SuSAv2-MEC) on the Fermi momentum and shift energy has been also studied at depth in [28] [29] [30] , proving the robustness of the model to describe successfully (anti)neutrino cross sections for different nuclear targets.
Finally, the SuSAv2-MEC model, which translates demanding microscopic calculations into a relatively straightforward formalism, could be easily implemented into the MonteCarlo simulation codes as was done for [20, 31, 32] used in GENIE, NEUT, and NuWro. This model can then be employed in the analysis of present and forthcoming neutrino experiments. Work along this line is presently in progress.
Summarizing, the SuSAv2-MEC has been shown to provide a good description of the double differentialν µ -CH cross sections recently measured by the MINERvA experiment. The role of meson exchange currents has been proved essential in order to describe the data and the contribution of the MEC longitudinal components has been shown to be non-negligible and to improve the agreement with the data. The successful comparison with these data, which correspond to a beam energy of ∼ 3.5 GeV, gives us confidence that the model, due to its relativistic nature, can be employed for the analysis of future high energy neutrino oscillation experiments aiming to high precision measurements of the leptonic CP violation phase.
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